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— isotropic y-ray high-energy « ultra-high energy
. background neutrinos *  COSIMIC rays
N proton (E~?) -
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Could astrophysical neutrinos have
common origin with UHECRS?

107° | :
— isotropic 7y-ray high-energy « ultra-high energy
- M
L background neutrinos »  COSMIC rays
3 -2 -
N g proton (E™“) -
— , (IceCube) . (Auger)
| -7 | i
N 10 - "
o I
5
O
> 1078 | i
> 10 :
S,
= S N N
- 109 | v-rays from ]
: ¥ decay v+ :
. M. Ahlers (2017) ,

10° 10" 10"
energy E [GeV] Ahlers, Halzen arXiv:1805.11112

10 100 10° 104
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CR Source Model

* Unger-Farrar-Anchordoqui model (UFA,
2015 PRD):

1. Inject CRs into source environment

2. CRs processed by photon
interactions

3. CRs escape source environment
4. CRs propagate to Earth

e Accounts for observed spectrum
(>10175 eV) & composition (>10178 eV)

Marco Muzio (Penn State)
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All three data sets
fit simultaneously
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Ha,ard— %:A Lot o s d s punce

Elaborations to UFA wed by Tese b Tou

%azo

* Addition of gas in source

environment (single zone) — hadronic %M CR >
iINnteractions

» Calculated interaction matrices with
EE&\)/IC using Sibyliz.3¢ and EPOS: * Model doesn't rely on specific astrophysical model

e e e  Model parameters (10 EeV Fe-56 as the reference)
* Realistic rigidity-dependent escape

time, allowing for transition between * Average # interactions (10 EeV >6Fe) <Nint>
diffusive, Bohm, & quasi-ballistic | N
propagation regimes and reflecting * Ratio of photon-to- (Vi)
finite source size gas interactions (10 EeV %6Fe) <Np >

int

* Preferred astrophysical properties constrained by
Mmodel parameters
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Both gas- and photon-dominated
sources can give good fits to CR data

(038 ——— Photon-dominated, y*/ndf=1.04 = —— Gas-dominated, y*/ndf=1.13
C
o ] ' ' o ] ' ' o ] ' ' I | | | |
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CRs: Slight preference for
photon-dominated sources

Photon dominated '**

Photon-dominated
sources less
constrained

10°

(N ) (Niye)

10!

10°

Gas dominated 10

10! 107 10° 104
<Nint>
—————————————————————————————-
Average number of interactions (10 EeV 36Fe)
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Multimessenger Constraints

(N ) (Niye)

0.5

0.0
10! 10° 10° 10

<N int>
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Multimessenger Constraints
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I\/Iultimessenger Constraints
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Spectral Index of UHECR Accelerator

Photon

(Nt (Niye)
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Spectral Index of UHECR Accelerator

7 0.0

S % S
S | AR Spectral indices ~E-2
B 2 10 compatible with UHECRS
. s in tension with EHE
< ’ 20E neutrinos
EE
e —2.5

0 Accurate measurement of
» 3 neutrino flux in ~10 PeV energy
S

4.0 range could exclude E~

Marco Muzio (Penn State) 15



Spectral Index of UHECR Accelerator

................ - ~ 0.0
S« RN 27 ..
_‘§ N P I i Io.s Spectral indices ~E-2
T 0 R | M. | compatible with UHECRS
e Vi _ in tancinn wjth EHE
5 107 S
s e What about the astrophysical ;¢
ERTOR - neutrino flux description?
o0 R i 7 i
e Accurate measurement of
01 R 7 /B e neutrino flux in ~10 PeV energy
GRS a0 range could exclude E-2
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X% / ndf to astrophysical neutrinos

' ! ' ! ' l ' I ' | ' |
'-I-' IceCube Cascades 2020 T
: '-I-' IceCube Glashow 2021

IceCube v, 2019

E 23%’ (GeVcem™2sr1s™)
[
S
do
|

10~ 2

1012 | 10|13 | 1()'14 | 10|15 | 1O|16 | 10|17 | 10|18 | 1019
E/eV
ﬁ

High-energy component
from UHECRSs

—_— 2.3
Fit for low-energy component
not from UHECRSs
2.2

b, ~ o EYe B/ Eeut 10! 102 10° 10*

Marco Muzio (Penn State) <N int> 17



Best description of
astrophysical neutrino
flux corresponds to
best-fit UHECR region!

Marco Muzio (Penn State)



Best Descnphon of Astrophysmal Neutrmo Flux
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Narrowing in on Possible Sources

Performed MCMC to find
spread of parameter values
compatible with data and
constraints

Posterior distribution modes and
16th/84th percentiles indicated

Marco Muzio (Penn State)
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Work In Progress: the Not-Hillas Plot

Posterior distribution
constrains source size L and
magnetic field strength B

Source regions indicated
represent fiducial values
from literature, plot still
being populated

Strength

Magnetic Field

What known
astrophysical sources lie
In the favored region?

Marco Muzio (Penn State)
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: §|EGBAI  TDGRB :}4 lceCube Cascades 2020 lceCube ” 2019
10_6:_!§H;!! FGBB b HERRIGRE - wiSML Farrar Unger (2021)
UI | Il | |ary T, arXiv:2108.05512
 Gas & photon interactions in source A
environment can explain UHECR data g 10
=
* Gas dominated source environments in 07T s
tension with EHE neutrinos o Huaonic
O I o0 107 10Z 0% 1% 105 0% 107 0% 1ov
* Viability of soft spectral indices like —
SBGs

Normal Galaxies

~E-2 determined by accurate
measurement of neutrino flux at ~10 PeV

Galaxy Clusters
[//7] Blazar flare
TDE

~<
~
~
~
~
~
~
~<
~

 High energy astrophysical neutrinos AN N
can be explained by UHECR sources ' S

1e(B/G)
-}

* Analysis constrains astrophysical
source properties, potentially determines -o-

preferred source types PRELIMINARY

MSM, Farrar, Unger (2022) in preparation

~10 -5 0 5 10
Marco Muzio (Penn State) le(L/pc) 22
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